Introduction
Juvenile myoclonic epilepsy (JME) is a common idiopathic generalized epilepsy syndrome with the prevalence of 6 to 12% among all patients with epilepsy based on hospital and clinical records [1, 2] . As a specific electroclinical syndrome, it is characterized by a genetic predisposition, no evidence of neurological or intellectual deficit and by mandatory or typical myoclonic seizures alone (irregular jerks of the shoulders and arms) or combined with generalized tonic-clonic seizures (GTCS) in 80% or the absence seizures in 15-30%. Bilateral myoclonic seizures and GTCS are provoked by sleep deprivation and predominantly occur after awakening [1, 3, 4] . The seizures may also be precipitated by fatigue, alcohol intake, and stress [4] . Series of myoclonic seizures often precede GTCS [5] . JME with isolated jerks usually developed in patients between 12 and 18 years of age with the female predominance. Interictal electroencephalography (EEG) in JME shows interictal epileptiform discharges such as generalized spikes, polyspikes, bilateral-synchronous 4-6/s spike-wave complexes, or combinations of these [6, 7] . Мyoclonic jerks appear to be time-locked to generalized 3-5 Hz spike-and wave complexes [8] . Photoparoxysmal response was seen in 40% of patients. Some authors consider cases of childhood absence epilepsy (CAE) developing to JME to be subtypes of JME with a different outcome [2] . Despite the well-defined clinical and EEG features, JME is very often underdiagnosed and errors and considerable delays in diagnosis have been attributed to many factors. Focal features may contribute to misdiagnosis of JME as focal epilepsy [9] .
Many large case series suggest the efficacy of valproate for the therapy of JME but the relative value of other, newer antiepileptic drugs (AEDs) have been suggested [10] . Valproate is very effective and leads to total control of seizures in about 80% of patients.
Although JME is recognized as a common form of epilepsy, its long-term follow-up has rarely been performed. Earlier studies reported JME to be a chronic disease that required lifelong AED treatment with virtual certainty of relapse if medication was discontinued [2, 3] . Only a limited decrease (or with no decrease at all) in seizure propensity was stressed [3] . Withdrawal of medication even in well controlled patients may precipitate seizures [11, 12] . In many case series, a small percent of patients with clear-cut JME can discontinue AEDs and enter a very long (if not permanent) remission. It is usually assumed that continuous pharmacotherapy is required, although about 10% of them appear to have permanent remission in adolescence [13] . Discontinuing AED treatment in JME is very important for the long-term social outcome and quality of life of the patients and requires an individual risk assessment [9, 14] .
The aim of this study was both to identify factors that are predictive for seizure remission/drug resistance and to investigate the long-term seizure outcome in patients with JME after the AED withdrawal. Patients were followed up for at least 5 years since the onset of seizure. While the majority of people with JME have a chronic disorder, there are some adolescents with a long-term remission without AEDs according to our experience.
Material and Methods
This retrospective study included the records of JME patients who had been referred to our Department for the first time between 1987 and 2008. An epilepsy syndrome diagnosis was made for each patient, based on the clinical and EEG features according to the International Classification of Epilepsies [6] and on classic treatment [1, 4] . The study sample consisted of 87 patients (49 female, 38 male) aged from 17.5 to 43.5 years (the mean age being 27.6), who had had their first seizure at 14.3+2.9 years of age (their age ranging from 8.3 to 20.5) and were followed up for 13.3+5.8 years on average (from 5 to 23 years). Our Epilepsy Ward is a part of a University Department and a well-established tertiary referral center for children and adolescents with epilepsy in Serbia. Having given their consent, these patients were followed up periodically.
All patients were independently evaluated by at least two of the experienced epileptologists during the long-term follow-up.
The analysis of the seizure type distribtion revealed myoclonic seizures in all patients, GTCS in 82.8% of them, and absences in 21.8%. Myoclonic jerks only were present in 10 patients. All types of seizures (myoclonic, GTC and absence) were observed in 14 patients, whereas the combination of myoclonic and GTC seizures in 58 and the combination of myoclonic seizure and the absence of seizures were found in five patients. Epilepsy remission at follow-up was defined as a terminal seizurefree period lasting for at least 5 years. Relapse was defined as a recurrence of seizures after being seizure-free for at least 5 years. The patients were divided into three groups: I-fully controlled patients, II-truly resistant patients defined as persisting seizures despite adequate lifestyle and treatment that included adequate doses of AED, III pseudo-resistant patients due to inadequate lifestyle, low compliance, or inadequate choice of drugs.
EEG studies at the time of diagnosis and during the course were performed in all patients using the international 10-20 system of electrode placement. Focal EEG features were defined as regional or lateralized EEG epileptiform patterns. Photoparoxysmal response (PPR) is defined as the occurrence of spikes, spike waves, poly-spike waves, or repetitive spikes in response to intermittent photic stimulation, which was observed in 30 patients (34.5%), while focal EEG abnormalities were recorded in 25 of our patients (28.7% It was found that AED treatment was discontinued in 34/87 patients (39.1%) which was not proposed to all seizure-free patients. Discontinuation of AED treatment in 21 seizure-free patients was attempted on physician's proposal and only if desired by the patient (group A). In addition, 13 patients who discontinued therapy by their own choice and without agreement of the treating physician (group B) were separately considered. In a non-standardized interview during the regular visit after >3 years since the seizure onset, the patients commented on lifelong therapy irrespective of seizure remission. In addition, they were asked regularly about AEDs side effects (e.g. weight gain and/ or teratogenicity).
Data were stored and analyzed in Statistical Package for the Social Sciences (SPSS)17.0 (SPSS Inc., Chicago, U.S.A.), which was used for statistical processing of the data. The statistical methods were descriptive statistics with frequency analysis and cross-tab analysis, as well as mean and standard deviation calculation in parametric data. Statistical significance was assessed using Fisher's exact test to compare categorical variables and c 2 test, with the significance defined as a p-value of <0.05. Fisher exact tests were selected in order to be comparable with similar investigations [15, 16] .
Results
At the end of the follow-up, 67 patients (77.0%) were found to be fully controlled (I), whereas 12 patients (13.8%) had persistent seizures (II). Longterm remission was achieved by valproate (VPA) in 55 of 67 our JME patients with complete seizure control (82.1%), while in 12 patients (17.9%) other AEDs were used, such as topiramate (TPM), lamotrigine (LTG), levetiracetam (LEV) in 2, 6 and 4 patients, respectively. The most common reasons for breakthrough seizures reported by the patients were sleep deprivation, stress, alcohol, non-compliance and menses. Other reported triggers for seizures were fatigue, hyperventilation, photosensitivity and physical exertion. A pseudoresistance was noted in 8 patients (9.2%) (III). Ten patients were initially misdiagnosed as having focal epilepsy. After a change of treatment, all patients who had shown aggravation on carbamazepine (8/10) got obviously better either on VPA monotherapy or on bitherapy combining VPA with LTG, phenobarbital, or a benzodiazepine.
Clinical features associated with poor seizure control despite adequate treatment (group II) were assessed in comparison with the patients with good control (group I). Family history of epilepsy among the first and second degree relatives (23.8% in group I vs. 33.3% in group II), age at onset of seizures (mean 14.7+2.9 in subjects with seizure freedom vs. 13.8+2.3 years in those with poor seizure control ) and sex (females 60% of patients in group I vs. 41.6% of patients in group II) were not significantly associated with drug resistance. In addition to the clinical parameters, the presence of photoparoxysmal response (38.8% in group I vs.-16.7% in group II), and delay of diagnosis since seizure onset (mean 8.0 years, SD 7.5 in group I vs. 8.5 years, SD 6.7 in group II) had no significant influence. However, focal EEG abnormalities were significantly more often recorded in the patients with incomplete seizure control than in those with seizure freedom (66.7% of patients vs. 27.4%, Fisher's exact test, p=0.016). Psychiatric disorders were found in 41.6% of AED-resistant patients and in 22.2% of well-controlled patients (Fisher's exact test, p=0.156, p>0.05), which was nearly significant for resistant course. Non-specific abnormal neuroimaging findings were found in eleven of 57 patients (11.7% of patients in group I vs. 25% of patients in group II), including a common arachnoid cyst (two), a mild ventricular enlargement (two), a mild diffuse cerebral atrophy and ventricular enlargement (five), intracranial calcifications (one), and pituitary hyperplasia (one). All of these patients but three were fully controlled and the course of the disease was benign. Thus, the abnormal neuroimaging findings seemed to be non-relevant for the clinical expression and evolution of JME.
The influence of the combination of seizure types to the therapeutic response was not statistically significant (c 2 test, p=0.067). More precisely, the coexistence of all three types of seizures was associated with drug resistance, and was found in 41.7% of resistant cases vs. 11.8% in non-resistant cases (Fisher's exact test, p=0.022). Only one of the resistant patients had myoclonic jerks as the only seizure type vs. 10.4% in group I, and none had a combination of absence seizures and myoclonic jerks vs. 7.3% patients with seizure freedom.
Presence of the combination of three seizure types and focal EEG features are independent factors of poor seizure control despite adequate treatment, compared with patients with seizure freedom, achieved with AEDs.
Termination of AED treatment was not proposed to all seizure-free patients. Analysis of medical records from the follow-up visits about 5 years after the seizure onset disclosed that more than half of well-controlled patients (37; 55.2%) stated that assertion on lifelong therapy was hardly acceptable after years of remission. In addition, a number of them (21; 31.4%) at that time reported their concern about VPA effects (weight gain and / or teratogenicity).
Therapy was discontinued in 34 patients. In 21 patients (group A), the discontinuation of therapy followed the protocol of AED withdrawal. Majority were treated by VPA-16, while four patients used LTG and one patient received TPM. The drug withdrawal process was managed by the treating physician after 8.5+5.2 years of seizure freedom. However, 13 patients (group B) themselves attempted the drug discontinuation after 5.3+2.4 years of complete seizure remission ( Table 1. ). Majority in group B were also treated by VPA-9, while two patients used LTG or LEV each. In 18 subjects, all seizure types relapsed after 1.1 year on average (from 7 days to 4 years) and AED was restarted in them. In two patients, AED (VPA and LTG) was reintroduced because of EEG aggravation without overt seizure relapse. No seizure occurred in them after such therapeutic decision during the period of 2.5 and 1.5 years, respectively. Nonintrusive myoclonic seizures recurred in 0.5-3 years as their only seizure type in 4 patients, but without restarted medication in 3 patients. No GTCS occurred during the follow-up in the period from 2 to 4.5 years in them. One patient was lost for the follow-up. No relapses were observed in 12 of 34 patients. Seizure freedom off drugs lasting for 4.1 years on average (from 2.8 to 9 years) was observed in 10.3% patients.
No specific AED was associated with the type of therapy termination (p>0.05). Neither the type of therapy discontinuation (group A and group B) nor the prescribed AED was significantly associated with the recurrence rate. Statistical significance was not reached despite the fact that all patients but three (10/13), who themselves stopped the treatment, experienced recurrences (p=0.21). The reason for AED withdrawal (either decided and advised by the physician or by the patients themselves) was not significantly associated with a) the duration of remission with AED (8. 
Discussion
When Delgado-Escueta and Enrile-Bacsal [3] described their experience with 43 patients in 1984, they said that 86% of them had seizure remission with valproic acid but 12 of 13 who discontinued medication had their seizures return. It has been generally accepted that JME is lifelong and that it is unwise to discontinue treatment once seizure control has been established [1, 4, 13] .
Generally speaking, JME is not considered a severe condition. The diagnosis of JME is often delayed. Complete, long-term seizure control was achieved in 77% of our patients, whereas 13.8% of them had persistent seizures. Additional 9.2% had pseudoresistant seizures. These findings are in accordance with the experience reported by others, who found that 66-88.3% of patients were controlled on valproate monotherapy [3, 11, 13, 16, 17] . True resistance to adequate drugs is not uncommon, and it was found in 11.7-16.7% of patients [8, [15] [16] [17] . Pseudoresistance was found in 9.7-16.7% of patients [15, 16] . The course of disease may vary and some patients with a benign form can have a transient period of aggravation, whereas others who are more difficult to treat may experience spontaneous improvement later.
Despite the favorable seizure outcome in most of the cases, 3/4 of patients with JME have at least one major unfavorable social outcome [18] . Clinical features associated with drug resistance in our study [15] [16] [17] . Family history of epilepsy, age at onset of seizures, sex, presence of PPR, results of conventional magnetic resonance imaging (cMRI) and delayed diagnosis were not significantly associated with drug resistance as reported in some previous studies [15, 16] . Contrary to our results, the true-resistant course was significantly associated with psychiatric disorders [14] [15] [16] and the presence of thyroid diseases [16] . Myoclonic jerks alone, without GTCS or absence seizures have been reported to occur in 7-17% of JME probands [1] . Patients with myoclonic jerks alone may represent a benign subgroup of JME that may be genetically distinct from classic JME and the jerks may even spontaneously remit in a few cases [5] . The possible sub-syndromes of JME, its genetic background, and its pathophysiological and neuroimaging correlations should be further investigated [18] . A normal EEG while the patient is receiving daily AED treatment is a good sign for the prognosis [10] . Focal clinical and/or EEG features in patients with JME are common. Focal EEG abnormalities, consisting of transients of localized spikes, slow and sharp waves have been found in 16.5-36.7% of JME patients depending on the methodology applied [8, 12, 13] . They were recorded in our patients with poor seizure control significantly more often than in seizure-free patients (66.7% vs. 27.4%). According to recent results, focal findings indicate poor response to treatment of JME [19] . A few EEG and neuroimaging studies indicate that the cortex precedes the thalamus at the onset of generalized spike-wave discharges [9] . PPR is obtained in 27-33% of JME patients [12, 13, 20] . Unexpectedly, the PPR in our patients (38.8% in group I vs 16.7% in group II) was nearly significant for favorable course, contrary to the study conducted by Baykan at al. [16, 18] . The PPR could be a final expression of pathogenic phenomena occurring in the striato-thalamocortical system, possibly a core feature of system epilepsy JME. Abnormal response to photic stimulation in JME in an EEG-functional magnetic resonance imaging (fMRI) study disclosed prominent involvement of basal ganglia circuitry [21] .
Janz stated that JME could be controlled very well by valproate and/or primidone. A complete cure, nevertheless, does not seem to be possible [1] . Long-term remission was achieved by VPA in 82.1% of our JME patients with complete seizure control, while other AEDs were used in 17.9% of them. No randomized trials specifically address the treatment of JME [10] . It has been suggested that VPA is more effective than other medications; however, consideration of weight gain, concern of teratogenicity in unplanned pregnancy, and the disorder of polycystic ovaries may lead to an attempt of treatment with LTG, TPM, LEV or clonazepam [13, 20] . However, management of JME should also include interventions in lifestyle, with strict avoidance of sleep deprivation and management of co-pathologies, including the cognitive and psychiatric problems that are often encountered [22] . Detailed results on both initial and maintenance AED therapy in our patients will be soon separately reported.
International workshops on JME were conducted in Avignon, France (2011) and in the Hague, the Netherlands (2012) and included a group of experts on JME, together with one of the founding fathers of the syndrome of JME (Janz syndrome), Prof. Dr. Dieter Janz from Berlin. Most clinicians are still reluctant to withdraw medication. Only if the patient is seizure-free for at least 5 years, has a normal EEG, and has a low risk of recurrence of GTCSs the AED(s), the withdrawal could be considered. For women with JME, who are planning to get pregnant, most clinicians attempt to withdraw or reduce VPA dosage as much as possible before the planned conception [23] .
After the AED discontinuation in 34/87 patients, 22 patients relapsed. In 18 subjects, all seizure types relapsed and continuous AED was restarted in them. Seizure freedom of drugs was observed in 10.3% patients. Termination of AED treatment was not proposed to all seizure-free patients, so there was selection bias from the physician's side.
Wolf et al. hypothesized that in many patients with epilepsy who are seizure-free under treatment, a gradual decrease in seizure propensity occurs that allows AED dose reduction and, in some patients, discontinuation of AED. Relapses were not increased in their patients with JME (10/21; 47.6%) [24] . A relatively low relapse rate of these patients with JME could not be explained by a slower in-study reduction rate. The more rapid reduction used in some other studies seemed to cause more relapses. Oller-Daurella et al., who also used a very slow rate of reduction after 5 seizure-free years, observed no relapses in 16 cases of JME [25] . In a Norwegian clinic study, 7% of 43 patients with definite or probable JME had a terminal remission without AEDs and an additional 10 patients were seizure-free for >5 years with AEDs [26] . As in the case of absence epilepsy, the enduring propensity of the system to generate seizures needs to be demonstrated. Brain maturation seems to influence cerebral hyperexcitability, which could explain why JME and related conditions appear/abate at a certain age [27] .
Pannaiyotopoulos et al. reported that VPA dosage was successfully reduced in 15 patients who were seizure-free for >2 years and had infrequent seizures before treatment, but 9 of 11 patients relapsed after VPA discontinuation [13] . Long-term follow-up of different clinical JME subtypes (classic JME; childhood absence epilepsy evolving to JME, JME with adolescent absence and JME with astatic seizures) conducted by Martinez-Juarey et al. indicates that all sub-syndromes are chronic and perhaps lifelong [2] . Only 8 of 161 (5%) patients with classic JME were in remission from all seizures without treatment. Epilepsy was clearly chronic as shown by recurrence of seizures upon discontinuation of medications. In addition, only 3 of 35 patients with CAE evolving into JME achieved complete freedom from seizures [2]. In 5/12 our patients with poor seizure control, absences occurred, comparing with 14/75 with complete seizure freedom. In a study conducted by Pavlovic et al., all 17 studied patients with JME, who had discontinued AED, relapsed after the AED withdrawal [12] . In their study, Canevini et al. reported relapses in 8 out of 60 JME patients who had attempted to discontinue AED. They relapsed during the follow-up period lasting from 6 months and 1 year [15] . In a study of Nicolson et al. [20] , the relapse rate following AED withdrawal was 93.6%.
Camfield and Camfield [28] conducted a population-based study of 24 JME patients after 25-year long follow-up. All seizure types in JME resolved in 4 (17%) and for 3 (13%) only myoclonus persisted after stopping AEDs. Therefore, troublesome seizures vanish in one-third of people with JME and AED treatment is no longer needed. A Turkish clinical study showed that although a great majority of the patients with JME had continuing seizures after a follow-up of 20 years, almost all had either 5-year remission or a substantial alleviation of the myoclonic seizures in the fourth decade. In 54.2% of the patients, myoclonia were in remission for a mean duration of 8.4 +7.7 years [16] . The majority of patients with JME have continuing seizures after a follow-up of two decades. However, 17% are able to discontinue medication and remain seizure-free thereafter [18] . Nonintrusive myoclonic seizures recurred in 2.4-4 years as the only seizure type in 4 of our subjects, and without restarted medication. No GTCS occurred during the follow-up in them. It is possible that relatively optimistic rate of remission is related to the age of patients at the end of follow-up: seizure-provoking factors such as binge drinking and sleep deprivation are likely to decrease with age [28] . The tendency of myoclonic seizures in JME toward remitting with age could be unrelated to the AED treatment or to the lifestyle changes. We could not comment on this issue, because our series included a small number of patients having myoclonus only.
Pavlovic et al. stated that EEG worsening during and/or after the AED withdrawal was an independent prognostic variable associated with the higher risk of seizure relapse in generalized epilepsy [9, 12, 21] . In two of our patients, the AED was reintroduced because of EEG aggravation without overt seizure relapse. Although no seizure occurred in them during the period of 2.5 and 1.5 years, there is no strong evidence to justify such therapeutic decision.
Conclusions
The presence of the combination of seizure types and focal electroencephalogram features are independent factors of poor seizure control despite adequate treatment. With 64.7% of patients having seizure recurrences upon antiepileptic drug discontinuation after >5-year stable seizure freedom, and the necessity to restart therapy in them, there is little doubt that the majority of people with juvenile myoclonic epilepsy have a lifelong disorder. Our experience indicates that there are some (10.3%) patients with a relatively short active phase followed by a long-term remission without antiepileptic drugs. Recurrence of myoclonic seizures only may not lead to the reintroduction of chronic therapy. Identifying juvenile myoclonic epilepsy patients prospectively who will have remission of their epilepsy and be able to discontinue antiepileptic drug treatment should be an issue of further research.
